Objectives-To determine the association between maternal occupational exposure to anaesthetic gases and risk of spontaneous abortion. Methods-A meta-analysis was performed of published epidemiological studies identified from literature reviews, unsystematic perusal of reference lists of relevant publications, and two Medline searches (1984-92, (Occup Environ Med 1997;54:541-548) 
(95% confidence interval (95% CI), 1.4 to 1.58). To test whether this result was influenced by the quality of the studies, the validity of the reviewed papers was rated on the basis ofthree criteria: appropriateness of the unexposed comparison group, control for non-occupational confounding variables, and response rate. The estimate of risk increased to 1.9 (95% CI, 1 Since 1971, many epidemiological studies have assessed the risk of spontaneous abortion, birth defects, and other reproductive outcomessuch as reduced fertility-after occupational exposure to anaesthetic gases. Several of these studies reported positive associations between exposure and adverse reproductive outcomes and this led to awareness of this potential occupational hazard and stimulated the improvement of ventilation systems, particularly through the introduction of systems by which expired air containing anaesthetic gases is "scavenged" in hospital operating rooms. Despite these environmental improvements, concerns continue to exist. In 1994, the United States National Institute for Occupational Safety and Health (NIOSH) published a report which included a warning indicating that workers exposed to nitrous oxide may have harmful effects.' In the province of Quebec, Canada, the Occupational Health and Safety Act gives pregnant women the right to protective reassignment or leave if their working conditions present a physical danger to them or to their child. In the application of this law, the evaluation of danger in the workplace must be conducted by a physician.
The purpose of the present report is to review the existing epidemiological studies on the risk of spontaneous abortion after occupational exposure to anaesthetic gases. The results of these studies are conflicting, ranging from reduced risk to a twofold to threefold increase in risk. None obtained atmospheric measurements of exposure to anaesthetic gases and most were carried out before scavenging was widely used. They also contain several methodological difficulties which render their validity uncertain. We review all the available epidemiological studies, and carry out a metaanalysis of their results. Also, to evaluate whether methodological defects may have influenced the outcome of the meta-analysis, we awarded each study a score to reflect the defects which could be identified.
Methods
We identified epidemiological studies of spontaneous abortion among women occupationally exposed to inhalation anaesthetics through Medline searches, from published reviews of the literature, from the unsystematic perusal of journals, and from reference lists of various papers. Two Medline searches were conducted. The first search covered the years 1984-92 and used the following keywords: anaesthetic gases; anaesthetics; anaesthetics, local; operating rooms; operating room nursing; pregnancy; and abortion. The second search included the years 1985-92 and the keywords were: anaesthetics; adverse effects; occupational exposure; anaesthesia; inhalation; operating room nursing; pregnancy; and abortion. We searched the literature published in English and in French. We retained only published peer reviewed papers and we therefore excluded documents such as student's theses and conference abstracts. We did not systematically search unpublished material. We restricted our analyses to data on maternal occupational exposures. We therefore excluded a report by Cohen et af2 which only assessed spontaneous abortions in wives of oral surgeons and dentists. When a study reported data on both paternal and maternal occupational exposure, we only reviewed the maternal data.?-9 We excluded two studies in which data on paternal and maternal occupational exposure were pooled and could not be examined separately.'01'
The assessment of the validity of each paper was based on three criteria: appropriateness of the unexposed comparison group, control for non-occupational confounding variables, and response rate to questionnaires or other survey instruments. The measure of association chosen for the meta-analysis was the relative risk. For 17 follow up studies, the relative risk was estimated as the ratio of the rate of spontaneous abortion in exposed women to the ratio in unexposed women, adjusted for covariates or not, depending on what was available in the reviewed reports. For two case-control studies, the estimate of the relative risk was the odds ratio, which tends to overestimate slightly the relative risk when the disease under study is not rare. We weighted each relative risk estimate according to the inverse of its variance.'2' All data used for the meta-analysis were extracted by the author.
ASSESSMENT OF THE VALIDITY OF REPORTED RESULTS
We identified 19 reports for our meta-analysis, including 17 women when the unexposed comparison group consists of women not working during pregnancy. These authors found in a survey of pregnancies of 3712 employed and 2215 unemployed women that employed mothers were of more optimal reproductive age, were more highly educated, had higher incomes, began perinatal care earlier, had greater weight gain during pregnancy, and were slightly less likely to be heavy smokers; employed women also had considerably fewer previous births and more stillbirths and miscarriages than unemployed women. These authors concluded that these differences could produce bias in studies of work and reproductive health, and that reproductive health should not be compared directly between working women and nonworking women. We therefore assumed in our review that studies which used as their unexposed comparison group women who were not working during the relevant exposure time window-for example, during the first or second trimester of pregnancy-were more likely to be biased than those restricted to working women.
Other confounding biases may also be present. Factors related to the work environment of women exposed to anaesthetic gases may be associated with the risk of spontaneous abortion. These include standing, lifting heavy weights, other physical effort, long hours of work, and changing shift work.202' The literature on this question is not unanimous28 and some uncertainty exists on this issue. However, we judged that the preponderance of scientific data is in favour of the assumption that ergonomic demands and other occupational characteristics of exposed women may represent confounding variables. We therefore gave more weight to studies selecting unexposed comparison groups very similar to the exposed groups for these potential confounding variables. On the basis of this criterion, we . We excluded the data on subjects with low exposure, because they seemed less representative of the amount of exposure to be expected in health workers, particularly hospital workers. Similarly, Rowland et al'4 compared exposed dental assistants with unexposed assistants, dividing the exposed subjects into those working in offices that used scavenging equipment (relative risk: 1.0) and those in offices without scavenging (relative risk: 1.1). In this case, we retained the subjects working in offices with scavenging, as the use of scavenging is now widely recommended as the normal practice.
CONTROL OF NON-OCCUPATIONAL CONFOUNDING VARIABLES
Non-occupational variables may also act as confounding factors in these studies. Risk of spontaneous abortion is reported to increase with increasing maternal age,29 with smoking,'0" with alcohol consumption,'0 with use of coffee,30 and in one study, the odds ratios for the association between exposure to anaesthetic gases and spontaneous abortion were slightly lower when adjustment was made for radiation exposure.8
The risk of spontaneous abortion is also the absence of control for such nonoccupational variables in several of the reviewed studies actually led to bias.
In conclusion, studies which did not control for factors known or strongly suspected to be associated with the risk of spontaneous abortion could likely be biased. Because of this, reports in which confounding was not taken into account should receive less weight in the overall assessment of the effect of anaesthetic gases on risk of spontaneous abortion than studies which controlled potential confounders. In our meta-analysis, we used the following scoring system: (1) Control for two or more confounding variables (score=2). All studies receiving a score of 2 controlled for maternal age, and several controlled for smoking. (2) Control for one confounding variable (score= 1). All studies receiving a score of 1 controlled for maternal age. When in a given study the authors failed to control for a risk factor which was actually shown to be positively or negatively associated with exposure within the study, the score obtained above was reduced by 1. For example, the score initially given to the study reported by Pharoah et a!2 was 1, because these authors controlled for one confounding variablenamely, maternal age. However, the authors gave evidence in their paper that exposed women smoked more than the unexposed, and yet they did not adjust their results for smoking. Because of this, our confounding score was reduced by 1, therefore becoming 0.
Control for variables related to pregnancy such as gravidity, parity, or history of previous spontaneous abortion was not taken into account in this scoring system. In our metaanalysis, however, we made estimates based both on all available papers, and others in which studies controlling for history of previous spontaneous abortion were excluded.
RESPONSE BIASES IN STUDIES OF SPONTANEOUS ABORTION
Another potential bias in this type of research is the completeness of ascertainment of cases of spontaneous abortion. Abortion is an end point for which self reporting can be inaccurate. Furthermore, the time intervals considered in the published studies ranged from review of the current pregnancy only, to the assessment of the entire reproductive history. Because of this, research on this outcome may be affected by recall bias. This was shown in one study which compared responses about pregnancy outcomes with data from medical records, and in which important errors as to the week of pregnancy in which the spontaneous abortions occurred were found.'5 Table 3 shows that in the reviewed studies, response rates ranged from 44% to 94%. In some cases, the authors found differences in response rates between exposed and unexposed subjects.915 Low response rates, and response rates which differ between exposed and unexposed women, or cases and controls, suggest that a bias may be present. One major concern is that exposed women who have experienced a spontaneous abortion may respond in higher proportion to a questionnaire than unexposed women or exposed women without spontaneous abortion. Thus suspicion of bias is higher when response rates are low or differential. However, bias can exist even when these rates are high and similar in exposed and unexposed women, or cases and controls. Axelsson and Rylander" conducted a postal survey of non-physician female personnel in a hospital. They also collected information from hospital records on those who did not respond to the questionnaire. They found *There was only one study with the maximum score of 6, in which the author found a decreased risk (not significant) of spontaneous abortion in dental assistants exposed to N20. '6 that among these, all spontaneous abortions occurred in women working in areas without exposure to anaesthetic gas. Unexposed nonrespondents had a higher rate of spontaneous abortion than unexposed respondents. This shows that despite small differences in response rates between exposed and unexposed groups, in this case 80% versus 78%, there can be a selection in the non-respondent group for exposure status and pregnancy outcome. In this study, the addition of the results on non-respondents to the data changed the conclusion from a significant effect to a lack of significance.
Data reported by McDonald et aF showed that a favourable response rate may be obtained even in the presence of a poor ascertainment of spontaneous abortion. These authors succeeded in interviewing 90% of all women delivering a baby in 11 hospitals in Montreal (Canada) (28 698 women) and about 75% of those with spontaneous abortion (2266 women). They indicated, however, that only about 60% of the cases of spontaneous abortion were admitted to hospital, which leads to a response rate of 75% x 60% = 45% for the cases of abortion. These data suggest that about 3189 deliveries of babies were missed, and 2770 cases of spontaneous abortion. Overall, however, this translates into an excellent response rate of 84%, reflecting the fact that in this type of study design, the global response rate is heavily influenced by the response rate among women delivering a baby.
Despite the difficulties in the interpretation of response rates and in the assessment of their impact on the validity of results, we judged that studies with better response rates should receive more weight than those with poor response rates. In our subsequent analysis of these studies, we used the following scoring system: (1) Response rate ¢80% (score=2). (2) 60% to 79% (score=l). (3) <60% (score=0). A score of zero was also given when no response rate was provided by the authors. Response rates were not always defined precisely, or when defined, the definitions varied between authors. For example, in certain studies, the denominator used to determine the response rate was all of the distributed questionnaires.5-791415 18 Other authors excluded from the denominator all posted questionnaires which could not be delivered because of an unknown address.41922 In other studies, the population considered for the calculation of the response rate was restricted to pregnant women, as opposed to all women in a specific population. 20 21 Ericson and Killen'7 and Hemminki et af' did not give response rates for their studies, because they were registry based. Registry based studies offer the advantage of using data which cannot be biased by respondents. Because a very large proportion of spontaneous abortions do not lead to admission to hospital, however, such registries present the same difficulty as the hospital based study already discussed,20 so the ascertainment of spontaneous abortions is poor. On the other hand, the overall ascertainment of pregnancies is high, and taking into consideration the results of our calculations for the report by McDonald et al,20 it is most likely that the proportion of pregnancies ascertained in these registry studies, which can be seen as the equivalent of the response rate in the other studies, was >80%.
Saurel-Cubizolles et a14 did not give a response rate in the report which we used for the meta-analysis. Their response rate was, however, given in an earlier publication.36
Results Table 4 gives the relative risk estimates of spontaneous abortion obtained in each study. A total of 24 comparisons between exposed and unexposed women were retained from the 19 reviewed reports. Table 5 gives results of our meta-analysis. The overall relative risk was 1.48 (95% confidence interval (95% CI) 1.4 to 1.58).
To be able to interpret relative risks in terms of absolute increase in risk, we calculated the risk of spontaneous abortion in all unexposed women in the 17 follow up studies included in our review. There were 80 368 pregnancies in the unexposed women described in table 1, and the overall risk of spontaneous abortion, calculated from data given in the correspond- We also obtained relative risk estimates for selected occupations. Table 6 shows that relative risks were higher for dental assistants, veterinarians, and assistant veterinarians than for hospital workers. The relative risk for studies of hospital workers published in 1980-95 was slightly larger than the relative risk for earlier studies.
The estimated relative risk of Our analysis was restricted to published peer reviewed papers for two reasons. Firstly, it is likely that a factor explaining why a study remains unpublished is that it is methodologically weak. Inclusion of such studies may then compromise the validity of a meta-analysis." 38 Secondly, a commonly cited explanation for failure to publish is that negative results are "uninteresting" (publication bias). In the present situation, however, publication bias seems unlikely as both positive and negative results would be of equal interest.
The use of a global quality score in meta-analysis is controversial. Such scores should not be viewed as objective assessments of study characteristics.39 Of necessity they must be based on the judgment of the authors (and in this case the judgment of others4"2) about the impact of specific study features on the validity of results. We also calculated separately the relative risks according to each component of the quality score (table 5) . None of these analyses significantly influenced the overall conclusion-namely, that exposure, in these studies, was related to increased risk of spontaneous abortion.
Bring et alr0 pooled data from five studies published between 1971 and 1978.315161923 They concluded that there was reasonably consistent evidence for an association between exposure to anaesthetic gases of pregnant women and adverse reproductive outcome, and estimated the maximum magnitude of the relative risk for spontaneous abortion to be of the order of 1.3 (95% CI 1.2 to 1.4) for physicians and nurses. Their estimate was therefore similar to the one we obtained in our meta-analysis when we included all available studies. The authors commented that such a small increase in relative risk was well within the range that can be attributed to response bias, recall bias, and confounding. Vessey4' examined seven epidemiological studies of spontaneous abortion 4 16 19 22 23 43 and also concluded that there was reasonable evidence for a moderate increase in risk among exposed women. He too considered that this result could be attributed to reporting bias. He also suggested that an increase in spontaneous abortion among women working in anaesthesia might be due to the emotional and physical rigours of the occupation, and not to exposure to the gases.
Tannenbaum and Goldberg42 reviewed 10 epidemiological studies of spontaneous abortion in women exposed to anaesthetic gases3 4 
